INTRODUCTION {#sec1-1}
============

Pelvic floor disorder (PFD) is a major clinical problem in postmenopausal women.

It is a group of disorders, which includes pelvic organ prolapse (POP), urinary incontinence (UI) and fecal incontinence (FI).\[[@ref1]\] These can occur alone or in combination. The associated symptoms are vaginal bulge or protrusion, involuntary leakage of urine, flatus or feces.\[[@ref2]\] The overall prevalence of PFD in the non-pregnant women is 24%,\[[@ref2]\] which almost doubles as the age of the women increases, with prevalence being 36-49% after 60 years of age.\[[@ref2][@ref3][@ref4]\] The various factors contributing to PFD include multiparity, mode of delivery, instrumental delivery, obesity, collagen defects with menopause being well-known risk factors.\[[@ref1][@ref5][@ref6]\] It is well known by many epidemiological studies that age is one of the important causes for PFD. This may be due to the age-related changes in the neuromuscular function and connective tissue changes in the elderly women.\[[@ref2]\] Recent literature has suggested the role of vitamin D deficiency as contributory to PFD. This prospective case control study intended to evaluate the possible association of vitamin D deficiency and PFD including POP and UI in postmenopausal women attending a tertiary care facility in south India.

MATERIALS AND METHODS {#sec1-2}
=====================

This study was a prospective case control study done in the Department of Obstetrics and Gynecology, in a tertiary care center, South India. The study was approved by the IRB and Ethics committee. Postmenopausal women attending the outpatient clinic were invited to participate in the study. The nature of the study was explained and written informed consent was obtained.

One hundred and twenty postmenopausal women with and without symptoms of POP and stress urinary incontinence were recruited. Women with chronic renal illness, previous vitamin D supplementation, non-ambulant chronically bedridden patients were excluded from the study.

A detailed history included educational status, socioeconomic background, job status, and sunlight exposure was recorded. Obstetric history included parity, age at first delivery, mode of delivery, interval between deliveries, institutional/ home delivery. Other relevant details including associated medical illness, prior abdominal/vaginal surgeries were documented. The calcium intake was calculated from daily milk intake and calcium supplementation history and not from the complete dietary history. The body mass index was calculated. Pelvic examination was done to diagnose POP, which was quantified using the POP quantification system. Urinary leak was demonstrated using the supine stress test and also in standing position.

Venous sample was taken in a clotted tube for serum vitamin D analysis at the time of recruitment. 25-hydroxy vitamin D levels were measured by electro chemiluminescent immunoassay (ECLIA) by Roche. Vitamin D deficiency is defined variably in the literature ranging from 10-30 ng/ml (Endocrine society/vitamin D council, Food and Nutrition Board). We defined vitamin D level of more than 20 ng/ml as normal.

Descriptive statistics (mean, standard deviation) were calculated for continuous variables while frequency distributions were obtained for categorical data. Chi square and Student t test were used to test the statistical significance of associations between groups. Logistic regression was used to adjust for age. Odds ratios and 95% confidence intervals were calculated.

RESULTS {#sec1-3}
=======

A total of 120 women were included in the study. On clinical examination, 42.5% of women had PFD (*N* = 51) and 57.5% of women had no PFD (*N* = 69). Of these 51 women, 54.9% had POP alone (*N* = 23) and 27.4% had SUI alone (*N* = 14), while 17.6% had both SUI and POP (*N* = 9).

[Table 1](#T1){ref-type="table"} documents the baseline demographic and clinical characteristics comparing the cases with PFD against controls without such disorders.

###### 

Description of the sample
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Out of the 120 women, 77.5% were vitamin D deficient (*N* = 93). Out of which, vitamin D levels were significantly lower (t = --2.16; df = 98.22; *P* = 0.034) among cases with PFD (mean 13.15 ng/ml; SD 1.01) than among controls without PFD (17.98 ng/ml; SD 16.61). Menopausal status of more than 5 years showed statistically significant association with PFD (χ^2^= 8.22; df = 1; *P* = 0.004).

The relationships between vitamin D levels (OR 2.88; 95% CI 1.08, 7.68; *P* = 0.034) and menopause of more than 5 years (OR = 3.06; 95% CI 1.41, 6.64; *P* = 0.005) remained statistically significant when age was adjusted using backwards conditional logistic regression. Based on the milk intake and calcium supplementation history, calcium intake was less than 500 mg/day in 61.7% (*N* = 37) of those without PFD and 81.7% (*N* = 49%) of those with PFD. The prescribed calcium tablets in calcium supplements contained 250 IU of vitamin D3.

POP seem to be associated with age over 51 years (χ^2^= 6.47; df = 1; *P* = 0.011), menopause more than 5 years (χ^2^= 15.12; df = 1; *P* = 0.000), history of abdominal surgery (χ^2^= 5.21; df = 1; *P* = 0.022), and history of pelvic surgery (χ^2^= 4.56; df = 1; *P* = 0.033). Vitamin D levels were not significantly related to POP. Menopause \> 5 years (OR = 6.12; 95% CI 2.31, 16.22; *P* = 0.000) remained statistically significant when age was adjusted using backwards conditional logistic regression. The other variables were not statistically significantly related to POP.

SUI was statistically significantly associated with obesity (χ^2^= 4.24; df = 1; *P* = 0.039), limited exposure to sunlight (less than 1 hour per day) (χ^2^= 4.20; df = 1; *P* = 0.040) with a trend toward significance in women with serum vitamin D levels below 20.0 ng/ml (χ^2^= 3.47; df = 1; *P* = 0.062). Other variables were not significantly related to SUI after adjusting for age using logistic regression.

DISCUSSION {#sec1-4}
==========

Vitamin D has been extensively studied mainly because of its high prevalence and its association with bone absorption.\[[@ref7]\] Recently, the clinical importance of vitamin D is noted in physiological impact on various systems.

Vitamin D is a fat soluble vitamin. It plays an important role in the bone growth and maintenance of bone mineral density. It influences the intestinal absorption of calcium, which has an influence on bone strength.\[[@ref7]\] The prevalence of vitamin D deficiency in the postmenopausal women in studies done globally shows a wide range from 1.6% to 86% depending on the regional location and seasonal variation.\[[@ref7]\] In a study done in South India, the prevalence of vitamin D deficiency in postmenopausal women ranges from 50% to 80%.\[[@ref8][@ref9]\]

The role of vitamin D in muscle strength, neuromuscular function and postural stability has been evaluated in the recent studies.\[[@ref10]\] Since pelvic floor muscle is also composed of skeletal muscles, it is likely to be affected by the vitamin D levels. A few retrospective studies have shown an association between vitamin D deficiency and PFD.\[[@ref11][@ref12]\] Elderly women are more likely to be vitamin D deficient due to the reduced activity of the skin to convert 25 hydroxycholecalciferol to active form,\[[@ref10]\] which indicates that vitamin D deficiency could be a precipitating factor for PFD in postmenopausal women. Vitamin D has been implicated in the proper functioning of the musculoskeletal system. The mechanism proposed includes role of vitamin D in calcium absorption, protecting muscle cell from insulin resistance and inflammation.\[[@ref10][@ref11][@ref13]\] Vitamin D receptors have been identified in the skeletal and smooth muscles.\[[@ref14][@ref15]\] Though randomized studies provide inconclusive evidence, many observational studies support the role of vitamin D in muscle function and efficacy.\[[@ref11][@ref13][@ref16]\] Various studies have proven the role of vitamin D in the proper functioning of the skeletal muscle, though evidence of vitamin D role in smooth muscle is yet to be proven.\[[@ref17][@ref18]\] It has been shown that vitamin D increases the skeletal muscle proliferation and helps in proper functioning by binding to the vitamin D receptors (VDR) in the muscle.\[[@ref12]\] Since pelvic floor muscles are composed of both smooth and skeletal muscles, it is plausible that the physiological action of pelvic floor be modulated by vitamin D levels.

The sources of vitamin D includes fish oil, egg yolk and liver and also from the action of sunlight on the skin. Hydroxylation of vitamin D to 25-hydroxylate vitamin D3 occurs in the liver followed by formation of the active form of vitamin D, the 1,25 hydroxylate vitamin D3 in the kidney.\[[@ref16]\] Vitamin D increases the intestinal absorption of calcium and in combination with calcium; vitamin D plays a major role in maintenance of bone and muscle strength.\[[@ref16]\] In the present study, the data on duration of sunlight exposure was obtained through history and was grouped as those with exposure less than one hour, one to two hours and more than two hours. The extent of exposure and exact duration of exposure was not available in minutes for those with exposure of less than one hour per day. This has been a limitation of this study.

The pelvic floor function is a complex mechanism comprising of muscles, connective tissue with neurological factor to support the pelvic viscera.\[[@ref19]\] Even though the PFD are caused by various factors including fascial detachment, muscular weakness and neurological dysfunction, the levator ani plays a major role in the maintenance of urinary continence and prevention of POP.\[[@ref13]\] It is plausible to suggest the effect of vitamin D in maintenance of pelvic floor muscle function and thereby its role in prevention of PFD.

In a prospective study by Dallosso *et al.*, on association between dietary nutrients and overactive bladder symptoms in 5,816 women showed that women with higher intake of vitamin D had lower risk of overactive bladder syndrome.\[[@ref20]\] Badalian *et al.*, in a survey of 1881 women under National Health and Nutrition Examination Survey (NHANES) showed that vitamin D deficiency was a risk factor for developing PFD.\[[@ref11]\] With increasing vitamin D levels, the risk of PFD reduced irrespective of the age. This study showed significant difference in vitamin D levels in those with PFD as compared to those without PFD. Our finding that vitamin D deficiency was associated with PFD is similar to that of Badalian *et al.*, and Dallosso *et al.* The overall prevalence of vitamin D deficiency in the postmenopausal women in this study was 77.5%, which is similar to the previous studies done in South India.\[[@ref8][@ref9]\]

This study attempted to study the risk factors for clinical PFD, POP and SUI. It employed a case control study design. While the study recruited patients with and without symptoms of PFD, the statistical associations were only significant when a clinical diagnosis of PFD, POP and SUI were made on clinical examination and cases were compared with the controls on the different variables collected.

The strengths of this study include a relatively large sample, a systematic evaluation of risk factors and outcomes. The fact that risk factors were assessed prior to the evaluation of outcome also meant a reduction in interviewer bias. Vitamin D levels were assessed using a standard test. The use of multivariate logistic regression to adjust for the effects of age also means an exclusion of this common confounding variable. Its limitations include its cross-sectional design.

These findings are of sufficient strength to suggest the association of PFD and vitamin D deficiency in postmenopausal women. In addition, the high prevalence of vitamin D deficiency in postmenopausal women indicates a need for evaluation of vitamin D levels in these women.
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